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meat producer prices responded to import prices, but not vice versa. Poultry and pork
producers responded to all market protection measures—the ban of pork imports
from the EU and the food embargo. Beef producer prices responded to the embargo.
We also find that the single meat market segments may help predict price effects

for substitutes. For instance, we find that the poultry consumer prices responded to
consumer price changes in the beef and pork markets owing to assumed demand
redistribution, but—in contrast to beef and pork—poultry consumer prices were not
correlated with the lagged import and producer prices.
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Introduction

The protection policies in Russian agricultural markets and a Rouble crisis in 2014 (see
the details in Rutland 2014; Wegren 2014) significantly changed the trade map around
Russia in 2014 and onwards. They were followed by a sharp decline in import volumes,
a domestic price growth, and an increase in agricultural production and exports during
the post-embargo years in Russia (International Trade Centre 2020; Rosstat 2020). The
price changes in Russian food markets were a considerable consequence of the policies
of 2014 (Ponomareva and Magomedov 2017; Volchkova and Kuznetsova 2019; Cheptea
and Gaigné, 2020).

Many previous studies investigated the food embargo in Russia in 2014 (Dillen 2015;
Boulanger et al. 2016; Uzun and Loginova 2016; Gohin 2017; Kutlina-Dimitrova 2017;
Banse et al. 2019; Fedoseeva and Herrmann 2019; Kadochnikov et al. 2019; Liefert et al.
2019; Volchkova and Kuznetsova 2019). Fewer studies aimed to investigate the other
shocks of 2014 and quantify price effects in Russian food sectors (e.g. Kiselev et al. 2015;
Gotz and Jaghdani 2017; Cheptea and Gaigné 2020; Yugay et al. 2020). Previous studies
agreed that after 2014, Russian food sectors destabilised in the short term, while Russian
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food production permanently grew at the cost of consumer depletion and with the ben-
efits of financial support from the government (Kiselev et al. 2015; Shagaida and Uzun
2016). Because a currency shock may also affect domestic food prices (Dreger et al. 2016;
Wang et al. 2019; Yugay et al. 2020), one should consider this exchange rate effect as an
indirect impact of trade disruptions.

In this article, we study how the economic interventions in 2014 contributed to price
dependencies in the Russian meat markets. In particular, we analyse three exogenous
interventions: (1) the pork ban, when Russia banned imports of live pigs, fresh pork,
and other pig products from the EU; (2) the embargo, when the president of the Rus-
sian Federation introduced the food embargo as an ‘anti-sanctions’ measure; and (3) the
exchange rate liberalisation of the Russian rouble. We hypothesise that these interven-
tions affected domestic prices for producers, consumers, and trade owing to the loss of
traditional and territorially close trade partners who previously had compensated the
shortage or seasonality of domestic production in conditions of the stronger Russian
currency. The hypothesis and the expectations about the results of the present study are
in line with the previous observations on protectionist policies.! The empirical strategy
of the present study is to estimate the changes in prices in the medium term considering
the effects of price transmission and the studied interventions.

We employ vector autoregression (VAR) models to study price transmission in a
seven-year period. We have several reasons to focus our study on meat in Russia.
Firstly, meat is among the main constituents in the diets of people in Russia, particu-
larly if compared with vegetables and fruits (Shagaida and Uzun 2015b). Secondly, meat
prices have less weather-driven seasonality and no seasonal production interruptions as
is usually observed for crops. The absence of a clear weather pattern in the meat sec-
tor is a notable benefit in conditions of Russian agriculture and for the VAR specifica-
tion. Thirdly, the meat prices are directly affected by bans, whereas eggs, root vegetables,
and grains are only affected on the level of input prices, on which we do not focus.”
Fourthly, since 2020, the large-scale producers of pork and poultry have organised the
expansion of exports to the world markets?®; therefore, the effects of substitution, pro-
tection, and currency on domestic prices could continue to be relevant mechanisms in
the future. Finally, there are different degrees of self-sufficiency in Russian beef, pork,
and poultry markets (Shagaida and Uzun 2015a, b), while these markets substitute each
other. The difference in self-sufficiency and possible substitution effects could result in
a different price behaviour during and after the events of 2014. We expect the strongest
price changes in the import-dependent beef sector and weaker effects in the pork and
poultry sectors.* Therefore, the novelty of our study is that we consider the effects of

! Given the past evidence from international studies, we expect the food trade restrictions and crisis to affect both
domestic producers and consumers. For instance, the experience of protectionist policies in East Asia introduced during
the 1960s and 1970s has shown that in the 1980s the consumers had to pay food prices two to three times higher than
the price level in international markets of that time (Anderson 1983). Koester (1991) concludes that the producers of
most countries benefitted from postponed or restricted market liberalisation.

2 Kuzminov et al. (2018) pointed out that the prices of imported goods and equipment grew driven by the economic
sanctions, the devaluation of the national currency, and the declining economic growth.

3 The information was announced on the sites of national unions of producers in the sectors of poultry and pork: NSP
(2020) and NSSRF (2020).

4 In September 2015, compared with September 2014, the smallest price change was observed for frozen poultry (1%),
fresh pork and poultry (4%), and potatoes (5%), whereas the prices of fish increased by 25% to 40% and those of vegeta-
bles by 10% to 35%, except for garlic prices, which increased by 75% (Smirnov 2016).
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substitution, currency, and protection policies for different economic agents in the three
meat sectors with different self-sufficiency.

We present some background information and a review of previous studies in “The
policies driving the Russian meat sector” section. Our data and method are described in
“Data and empirical approach” section. Our results are presented in “Results” section,

and “Discussion and conclusion” section concludes the study.

The policies driving the Russian meat sector

The government support of large-scale agriculture from 2003 to 2005 drove a trans-
formation in Russian pork, poultry, and grain sectors, whereas the beef and milk sec-
tors were experiencing problems (Serova 2007; Borodin 2016; Shagaida et al. 2016).
The investments in the previously large-scale beef sector were minimally successful so
that family farms produced most beef (Rosstat 2020). Prikhodko and Davleyev (2014)
observed a substitution tendency between beef and cheaper poultry in the diets and
budgets without quantifying the effect of substitution.

At the end of January 2014, Russia closed its market to pig products from the EU
(European Commission 2014). In August 2014, the president of the Russian Federa-
tion introduced the food embargo as an ‘anti-sanctions’ measure. The list of the prod-
ucts under embargo did not include the wheat, sunflower product, and sugar (sugar beet
product) markets. In 2014, these sectors were powerful enough to compete on the world
market® and provide agricultural export growth from 2014 onwards.® However, these
restrictions protected Russian pork, beef, and poultry producers. In autumn 2014, the
Russian rouble to US dollar exchange rate doubled.

The food import restrictions in 2014 may have had similar consequences as earlier
trade restrictions (see for instance Abbott and Paarlberg 1986). While the EU could
divert the share of trade with Russia to other markets, Russian markets were expected
to experience considerable price growth in the first year because ‘imports cannot be eas-
ily substituted and domestic production has problems to expand productions signifi-
cantly within the timeframe of the ban’ (Dillen 2015). However, as had been predicted by
Semenova and Sundikova (2015), the embargo had a positive impact on domestic agri-
cultural producers, including producer price growth, whereas the negative developments
of domestic consumption were more strongly related to the depreciation of the Russian
rouble rather than to import restrictions (Kiselev et al. 2015; Shagaida and Uzun 2016).”
Kiselev et al. (2015, 2016) employed a partial equilibrium model to conclude about an
expected average import prices increase by 20-40%, producer prices increase by 15%,
and consumer prices increase by more than 20% for pork and 7% for poultry. They also
showed that the meat imports from the countries under embargo had met only a small
part of Russian demand.® Kadochnikov et al. (2019) estimated the Rotterdam model

® See more about the competitiveness of Russia in the world market in Uzun and Loginova (2017).

© The share of cereals in the total Russian agricultural export value was at a minimum of 29% in 2013 and at a maximum
of 42% in 2018 (International Trade Centre 2020).

7 However, Kuzminov et al. (2018) linked the growth in the prices of imported goods with the economic sanctions and
the devaluation of the national currency.

8 The Russian pork and poultry markets differ significantly from the beef market; thus, we assume that the effects for
meat subcategories are too diverse to assess them in one group.
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for demand functions of imported and domestically produced commodities in Russia
and concluded that a sharp increase in import costs was the main factor for changes in
meat consumption, whereas the effects of income and substitution (of domestic produc-
tion with imports) were second and third, respectively, by importance. After 2014, beef
imports from the EU were substituted with frozen meat from Brazil (Schierhorn et al.
2016). The pork and poultry sectors were almost self-sufficient so that the changes in
imports were minor.

Several models were employed to show how strongly Russian consumers were affected.
Berendeeva and Ratnikova (2018) used QUAIDS and Working—Leser models with cor-
rection of the price vector to analyse the effects of the embargo on demand. They found
that the demand patterns had already begun to return to pre-shock trajectories after the
end of 2014.° The latest gravity model of international trade was assessed by Cheptea
and Gaigné (2020), who estimated losses in welfare in Russia to be in the range of 0.2%
to 0.6% (18 EUR to 58 EUR) of the revenue of the average Russian consumer in 2013.
This estimate aligns with the earlier findings of Volchkova and Kuznetsova (2019) and
is slightly less than that of Ponomareva and Magomedov (2017), who estimated equilib-
rium models and studied only Russian markets. Volchkova and Kuznetsova (2019) also
found that ‘producers capture 84% of this amount, importers 3%, while deadweight loss
amounts to 13%!

The exchange rate, being a crucial factor of international trade, especially in the trade-
dependent agricultural sectors, was affected both by the sanctions and by the oil price
development. The rouble crisis in autumn 2014 resembled the rouble crisis in summer
1998°: the oil prices decreased dramatically leading to a budget deficit, a further cur-
rency depreciation, and increases in food prices.'! During the Russian rouble crisis in
2014, the Russian rouble to US dollar exchange rate doubled. For comparison, in the
Russian rouble crisis in 1998, it increased even more, by the factor 3.5.!% In contrast to
2014, in 1998 the domestic markets did not recover after the shift to a market economy
and were open for foods from Europe and the USA.'>!* The international trade of Russia
in the period 1994—1999 was close to zero, whereas after the crisis in 2014, Russia cov-
ered 0.2% and 2% of the world food (and meat) export and import volumes, respectively
(see Uzun et al. 2018). The effect of the exchange rate on food prices during the crisis in

¥ The dynamics of retail trade volumes show that domestic consumers recovered from a real income drop only in the
third quartile of 2016 (Rosstat 2020).

10 See the discussion on the drivers of the crisis of 1998 in Aslund (1998).

1 See the agricultural price dynamics in Russia from January 1993 to December 1995 in Loy and Weaver (1998). The
price increases are visible in the price volatility presented by Arnade and Osborne (2004). The volatility was above zero
and had sharp peaks.

12 1n 1998, the exchange rate jumped to 20 RUB per 1 USD; in 2014, it jumped to 30 RUB. The monthly Consumer Price
Index was 134% in September 1998 and 108—111% after the shock, whereas from August 2014 to March 2015, it stayed
around 101-103% each month. One Russian rouble in 1998 equivalents 11 RUB in 2014 and 15 RUB in 2020 (by Con-
sumer Price Index).

13 To the best of our knowledge, few studies investigated food prices around the crisis of 1998. The monthly food price
series studied by Loy and Weaver (1998) is interrupted right before the crisis happened. Arnade and Osborne (2004)
studied the food prices around the crisis, but they did not include exchange rates and focused on price transmission
between the world market and several Russian regions.

14 After the crisis of 1998, ‘the agricultural sector showed early signs of a positive response’ (Brooks and Gardner 2004,
p. 583), whereas the crisis of 2014 was even beneficial for some large-scale producers, resulting in increasing market
shares of large-scale producers, especially in the poultry and pork sectors (Shagaida 2019). Russian beef and pork prices
during the Russian rouble crisis in 1998 were studied by Osborne and Liefert (2004), who found low price and exchange
rate transmissions in Russian agriculture in the period 1994—1999 and concluded that Russia was not well integrated
into the world meat market.
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2014 is even less studied than that during the crisis in 1998. The exceptions are the VAR
analyses for grain market prices by Burakov (2016) and Yugay et al. (2020) and the study
on import substitution policy in the Russian pork sector by Gtz and Jaghdani (2017).

The studies on the Russian meat market published in the 1990s and 2000s investigated
the process of liberalisation of the Russian economy in general and of the Russian agri-
cultural sector in particular. The crisis and embargo of 2014 launched the reorienta-
tion of the Russian trade to the east and south and the reinforcement of protectionist
policies in Russian agriculture. The meat production growth in Russia, the more attrac-
tive exchange rate for exporters, and the decrease in domestic consumption served as
incentives for domestic producers to enter international markets (hereafter addressed
as ‘export incentives’ in the present article). While the pork trade might have been
restricted by the cultural and religious preferences of neighbouring countries, poultry
exports were expected to contribute to Russia’s national income.

Data and empirical approach

With this study, we aim to reveal the contributions of the events of 2014 on the prices
for meat products. We studied meat prices in Russia in a seven-year period from 2011
to 2017. This way, we covered a three-year period before and a three-year period after
the policy events in 2014. We used consumer prices (in Russian roubles) provided by
Rosstat, producer prices (in Russian roubles) provided by the Food and Agriculture
Organization of the United Nations, trade information (in US dollars) provided by the
International Trade Centre, and the average weighted exchange rate provided by the
Central Bank of the Russian Federation. We mapped the producer, consumer, and trade
prices (per kilogram) to each week of each year, assuming that from a price perspec-
tive, we can compare cattle prices to beef prices and poultry prices to chicken prices.
This assumption is plausible because the main poultry trade in Russia is represented
by chicken and the main cattle trade is represented by beef (International Trade Cen-
tre 2020; Rosstat 2020). The descriptive statistics and data visualisation are presented in
Appendices 1 and 2.

We used vertical price transmission analysis, namely the VAR models, to assess the
price change interdependencies among importer, exporter, producer, and consumer
prices of a given meat product. We switched accordingly from ‘VAR in levels’ to ‘VAR
in first differences’ because we found most of our prices to be I(1), i.e. stationary in first
differences. The explanation of the specification is presented in more detail in Appendix
3, and the technical information and time series properties of the data are presented in
Appendix 4.

Formally, weletC, P, I, and E denote the logarithms of consumer, producer, import, and
export prices, respectively, for each product k = {beef, poultry, pork } over time ¢, with
denoting the lag of own price differences and j the lag of other variables. A is a first-dif-
ference operator. Thus, we study prices in the same way as G6tz and Jaghdani (2017) did
in their analysis of the Russian pork sector. The corresponding intercepts for these prices
are /,ng, ,uf, and Mi, and the corresponding error terms are Slg,z’ sf, " and 8/1<,t‘ The exchange
rate RUB/USD is denoted with ER. In Eq. 1, additionally, consumer prices of other prod-
ucts (m # k) are included to account for substitution effects. D is a time dummy for
exogenous intervention n = {embargo, porkban, exchange rate libemlisation}, being 0
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before, and 1 after the respective intervention. The formulas for the models we assessed
are as follows:

ACis = i+ pRACk—rt) O Allke—y<ER)+D APy > B ACmejte,
: - ~ <

I j ]
(1)
APy =i + > PR APrs—r+ Y 0% Allks—j x ER; )
l j ()
+ Z VjI/:A(Ek,tfj x ER;—j) + Z Z fﬂ,lj,t_th—j + Sf,t
j j n

Aliy = i+ Y P14+ D O AP X VER) + D Y @ Doy + e,
l J joon
3)

The parameters to be estimated are u, p, 8, @, 8, v, and ¢. For all assessed VAR models,
we chose the number of lags based on the Akaike information criterion. The variables
which appear only on the right-hand side of the equation (exchange rate and interven-
tion dummies) are considered weakly exogenous, i.e. they are determined outside our
equation system. Such VAR models including exogenous variables are sometimes also
called VARX (Pesaran 2015). This model specification (1) resembles a model used by
Gotz and Jaghdani (2017) but additionally considers two more meat sectors, interrela-
tions between the studied three sectors, and the changes in prices after several inter-
ventions; (2) resembles the model by Esposti and Listorti (2013) that considers price
transmission between three dimensions, but our models use levels of the supply chain
instead of spatial dimension; (3) also makes the development of the studied prices more
comparable across the different data sources because we mainly use first differences.
Johansen co-integration test results for the prices and the impulse response functions
(IRFs) for these models are presented in Appendices 5 and 6. In results section, we chose

only the equation of interest and interpreted the coefficients and their significance'®.

Results

Consumer prices and the effect of substitution

Table 1 shows the relations between producer, trade, and consumer price changes,
discovered with the VAR model for data at a weekly frequency. Taking the adjusted
R-squared as a measure, the explanatory power of these models lies between 63 and 79%,
hinting at strong interdependencies between the studied prices. However, our model for
pork consumer prices does not pass the Portmanteau test on serial correlation in the
residuals (see robustness check with 14 lags in Appendix 8).

15 \We expect interrelation of producer and export prices in our model. This interrelation is more transparent in the
export-oriented Russian wheat sector. To check our hypothesis, we applied the model to producer and export prices in
the Russian wheat sector in Appendix 7. For wheat, we found the following effect: each 1 RUB of export price growth led
to a 0.33 RUB producer price increase. However, the wheat market in Russia is characterised by a heterogeneous degree
of market integration (Svanidze and Gotz 2019a, b) owing to large distances. Therefore, the effect of wheat export prices
on producer prices cannot be generalised for the whole country. We expect that for meat sectors, the analysis on a coun-
try level is more robust because meat production is less dependent on weather and regional factors. Therefore, we let
this effect be assessed in the present model for meat prices.
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The best predictors for each of the consumer price changes are the lagged values of
the respective price change (pli). Therefore, there is a strong positive autocorrelation in
each of the price changes. The estimates of ,oli for the first lag range from 0.34 (poultry)
to 0.45 (beef) to 0.62 (pork), i.e. a 1% increase in last period’s pork price variation will
lead to a 0.62% increase in the following period’s price variation. The interdependencies
between the different prices are weaker. Producer prices in the beef and poultry sec-
tors were not significant for predicting consumer prices, whereas the consumer price
for pork slightly reacted to the pork producer price change of the previous two weeks
(40.02). The import prices appear to have had a small but significant influence on the
consumer prices in the beef and pork sectors (4+0.008 to+0.01), whereas consumer
prices for poultry experienced minor effects from the pork sector (4-0.17). All consumer
prices changed relative to the prices of the previous two weeks. In our data, producer
prices had no variation within one month but varied from month to month. However,
we found that if transmission happened, producer prices transmitted to consumer prices
with a lag of only one to two weeks, whereas the import prices transmitted with a lag of
three to four weeks.

Because we assessed the model in first differences, the signs do not mean an increase
or decrease in price levels but an increase or decrease in price changes, i.e. by how
much percentage does the dependent variable y change when an independent variable
x changes by 1 percent. The beef sector collected all the assumed substitution effects.
First, the beef consumer prices constantly experienced small and weakly significant
changes after prices in the poultry sector had changed. However, price changes in the
third previous week contributed positively (4+0.11), whereas price changes in the fourth
previous week contributed negatively (—0.1). Furthermore, the consumer prices of beef
were weakly interdependent with pork consumer prices two weeks prior to the respec-
tive consumer price. Second, poultry price changes were positively related to the pork
price changes from two weeks ago (4+0.17) and were not related to beef consumer prices.
The quantified effects align with observations by Prikhodko and Davleyev (2014) and
indicate that consumers tend to substitute beef with poultry. Third, the pork consumer
price was interdependent with the beef consumer price observed three to four weeks
earlier, but it was not related to poultry consumer price. Considering our assumptions
on substitution effects, this finding suggests that the average consumer does not tend to
consume pork instead of poultry.

Our estimations demonstrate the following interdependencies. First, pork consumer
prices allow predicting beef and poultry consumer prices with a lag of two weeks. Sec-
ond, beef prices allow predicting pork prices and poultry prices allow predicting beef
prices with a lag of two to four weeks each. The Granger test expectedly showed Granger
causality because the prices were interdependent.

Supply and the effect of the export incentives

We assessed the relations between producer and trade prices by using monthly data
(Table 2). Overall, importers did not respond to market protection interventions. This
is reflected both in the low explanatory power of the models (adjusted R-squared: 0.04
for beef, 0.06 for poultry) and in the lack of significance in the parameter estimates.
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Table 1 Results of the vector autoregression models for consumer prices at a weekly frequency

Estimated parameter Dependent variable
ACgeer; ACoouttry, ACpor, ¢
I
- 0.03(0.02) 0.01 (0.01) 0.04 (0.03)
Pk
Ev ACBeetr ! ACPouI(ry, t—/ ACPork, -/
=1 045 (0.05) *** 0.34 (0.06) *** 0.62 (0.06) ***
=2 0.20 (0.06) ** 0.27 (0.06) *** 0.20 (0.07) **
=3 0.05 (0.06) 0.02 (0.06) —0.16 (0.07) *
I=4 0.11(0.05) * 0.19 (0.05) *** —0.02 (0.05)
Bl
EV ACPouhry,r—/ ACBeeﬁr—/ ACBeeﬁr—/
j=1 —0.04 (0.05) 0.10 (0.06) —0.01(0.08)
Jj=2 —0.05 (0.05) —0.10(0.06) 0.07 (0.08)
j=3 0.11 (0.05) * —0.10 (0.06) —0.22(0.08) **
j=4 —0.1(0.05)* —0.005 (0.05) 0.16 (0.07) *
Bima
Ev Alpor s ACporgpj ACpoitry,—j
j=1 0.01 (0.04) 0.02 (0.04) —0.04(0.07)
j=2 0.11 (0.05) * 0.17 (0.05) *** 0.03 (0.07)
j=3 —0.04 (0.05) —0.04 (0.05) 0.04 (0.07)
j=4 —0.06 (0.04) 0.03 (0.04) 0.02 (0.07)
o
Ev DPoeet— DProuttryt—j DProri-
j=1 01(0.01) —0.001 (0.007) 0.02 (0.01) ***
j=2 01(0.01)* 0.007 (0.007) 0.02 (0.01) ***
Jj=3 0.01 (0.01) 0.007 (0.007) 0.01 (0.007)
j=4 0.01(0.01) —0.012 (0.007). 0.01 (0.007)
Ok
EV A(/Beem—/ X ER[—/) A(/Pou\try,t—/ X ER{—/) A(/Pork,r—/ X ER:—/)
j=1 0.004 (0.004) —0.001 (0.003) —0.005 (0.004)
Jj=2 0.0005 (0.003) 0.001 (0.003) 0.000 (0.004)
j=3 0.01 (0.004) ** 0.004 (0.002) 0.01 (0.004) *
j=4 0.008 (0.004) * 0.003 (0.002) 0.01 (0.004) **
Portmanteau test (p value) 0.14 0.10 0
ARCH test (p value) 1 1 1
Normality test (p value) 0 0 0
Stability test Passed Passed Passed
Granger test *° 0 0 0
Number of observations 358 358 358
Adjusted R-squared 0.64 0.79 0.67

EV stands for explanatory variable. Significance codes: ***'p <0.001,**p <0.01,*p <0.05, “p < 0.1. Akaike information
criterion is used to choose the number of lags in each model. Portmanteau test uses 40 lags, according to the default setting
of Portmanteau test in Stata specification. ARCH test uses 24 lags. °° p value for H,: dependent variable does not Granger-
cause explanatory variable

However, the importers responded to producer prices. In the pork sector, this response
was two months after the change in producer prices and was the strongest by magnitude
and significance (+0.46), whereas the poultry and beef importers reacted to producer
prices faster (after one month) but weaker (+0.28 and 4 0.16, respectively). Therefore,
the change in the prices of importers was driven by the increased competition with
domestic producers.
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Taking domestic producer prices as the dependent variable, we see no influence from
import prices in any of the meat sectors. However, the different policy shocks appear
to have had a significant effect on meat prices. After the pork ban, the average logarith-
mic difference of producer prices increased (pork:+0.04; poultry: 4 0.04; beef: no sig-
nificance), whereas after the embargo we found the opposite tendency (pork: —0.082;
poultry: —0.04; beef: —0.07, two months later).

The export prices are insignificant in all the models for producers. In addition, the
explanatory power of the model in the beef sector is low. Therefore, we conclude that
there was no clear dependence between the producer and export prices on Russian meat
markets in 2011-2017 and exporting meat during this period did not influence producer
prices.

In the period from 2011 to 2017, the meat export expansion potential, especially into
pork and poultry world markets, was only under study, and the meat producer organisa-
tions raised the question of meat export collaboration only in early 2019. Osborne and
Liefert (2004) did not find a transmission of world prices and exchange rates to Russian
meat markets because of the low trade volumes in the period 1994—-1999. We assume
that the effect of export incentives could show up only later, when the Russian meat
export business developed and trade volumes increased.

Summary and limitations
Table 3 shows the summarised results and reports the sign of the estimated effect if it is
significant and ‘Not sign’ if it is insignificant.

We found that the meat import prices responded to the domestic producer prices.
Currency liberalisation and trade bans did not change the import price behaviour for
any of the meat products. Therefore, we conclude that the import prices of beef, poultry,
and pork were affected by competition with domestic producers.

We found that producer prices changes of poultry and pork increased after the pork
ban and decreased after the embargo. The beef producer prices did not respond to the
pork ban but responded to the embargo. In the pork, poultry, and beef sectors, this effect
transmitted to import prices. We also did not find any evidence that domestic meat pro-
ducer prices responded to meat trade prices.

More complex price mechanisms seem to have been at work for consumer prices. We
considered only the effects of import and producer prices, substituting markets, market
protection measures, and exchange rate liberalisation. Although most market protec-
tion measures affected meat producers, consumer prices responded to these changes
differently. In the beef and pork sectors, consumer prices responded to import and pro-
ducer prices. Poultry consumer prices did not correlate with the import and producer
prices of poultry. In addition, we found strong effects of substituting markets. Poultry
consumer prices might change because of the shocks in the other sectors only, namely
because of the shocks in the pork consumer prices, as our models show. Looking at
interventions pass through consumer prices, we noticed that the pork ban indirectly
affected pork consumer prices and led to changes of consumer prices in the markets of
substitutes.
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Table 2 Results of the vector autoregression models for importers and producers

Page 10 of 28

Estimated parameter, the explanatory variable Product°®*®
k=Beef k=Pork k=Poultry
Dependent variable: A/, in USD
“L 0.002 (0.005) 0.003 (0.01) 0.001 (0.01)
Pl 4 lag of 1, 003 (0.11) 0.12(0.10) —0.13(0.11)
p/=2,k' lag of A/, —0.05(0.10)
Qj/:1,k' DPpogucrimt X 1/ER_, 0.16 (0.07) * 0.027 (0.10) 0.28(0.12) *
9]:2,/« APProduct,r—z X ]/ERr—z 046 (O'] O) o
‘Pr/v:u:v Embargo —0.001 (0.02) —0.014(0.05) —0.04 (0.04)
@1 j=y EMbargo —0.006 (0.05)
@Phs =y Pork ban 0012 (001) 007 (0.05) 004 (0.03)
Pp—2j POTK baN —0.05(0.05)
¢,/7=3,/=v Exchange rate liberalisation —0.017(0.02) —0.03(0.06) 0.005 (0.04)
ga,/7:3’/:2, Exchange rate liberalisation 0.03 (0.05)
Portmanteau test (p value) 1 0.76 1
ARCH test (p value) 1 1 1
Normality test (p value)® 0 0 0
Stability test passed passed passed
Granger test (p value)™ 0.46 046 0
Number of observations 84 84 84
Adjusted R-squared 0.04 0.30 0.06
p value for F-test (model significance 0.14 (no) 0 (yes) 0.07 (yes)
Dependent variable: AP, in RUB
“i 0.003 (0.004) —0.001 (0.005) —0.001 (0.004)
/O/P:ka AP, —0.14(0.12) 027 (0.1)* 0.02 (0.1)
Pl P 0.04(0.12)
071 1o Dot X Ry —0.001(0.06)  007(0.05) 0.05 (0.04)
ejiz,k' A/Product,r—z X ERI—Z 001 (O'OS)
Y pr Moot X ER,_ 0012 (0.02) 0.007 (0.008) 0,007 (0.02)
Yoot Bncis X R 0002 (002)
‘/’ﬁ:u‘:wf Embargo 0.05 (0.03). —0.082 (0.02) *** —0.04(0.02) *
Wﬁ:%/:? Embargo —0.07(0.03) *
go,fzzl/:y Pork Ban 0.003 (0.03) 0.04 (0.01) ** 0.04 (0.07) ***
(pnp=2/=2, Pork Ban 0.002 (0.03)
<p5=3/}=1, Exchange rate liberalisation 0.06 (0.03). 0.037(0.02) . —0.006 (0.01)
@h_3j— Exchange rate liberalisation —0.05(0.03).
Portmanteau test (p value) 1 0.73 1
ARCH test (p value) 1 1 1
Normality test (p value)® 0 0 0
Stability test passed passed passed
Granger test (p value)™® 0.03 0.26 043
Observations (number) 84 84 84
Adjusted R-squared 0 0.26 0.12
p value for F-test (model significance) 0.55 (no) 0 (yes) 0.01 (yes)

Significance codes: ***'p < 0.001, **p < 0.01,"*'p < 0.05, ’p < 0.1. Akaike information criterion is used to define the number

of lags. Portmanteau test uses 40 lags, according to default setting of Portmanteau test in Stata specification. ARCH test uses
24 lags. ° The rejected normality is considered not problematic if more than 40 observations are employed (see Ghasemi and
Zahediasl 2012). °° H,: dependent variable does not Granger-cause explanatory variable. °>*Overall significance in regression

analysis; Hy: The fit of the intercept-only model and the assessed model are equal
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Several assumptions have to be considered when interpreting the results of our
models. We assume that (1) the transmission of the effects happens in a way we
specify in “Data and empirical approach” section and Appendix 3; (2) the consumer
prices are the prices of market equilibrium; (3) the suppliers of poultry, pork, and
beef do not coordinate the between-sector prices and outputs, so that the supply
in one market does not affect the supply in the other markets; (4) the demand can
switch from one market to another. Given (2), (3), and (4), the development of prices
beyond the sector supply and demand effects are driven by demand redistribution
from the sectors producing the foods substitutes. Assumptions (2), (3), and (4) are
defined to include and assess substitution effects in our models. We did not consider
the effect of consumer prices on producer prices in our models. Instead, we assume
that consumers are price-takers and cannot influence the producer price setting, but
they can redistribute their demand. In our models, the supply in one market does
not affect the supply in other markets, whereas the demand does.

Discussion and conclusion

This study reveals several patterns in price behaviour in Russian meat markets. In
poultry and pork markets, we found upward and downward shifts in producer price
changes after the pork ban and the embargo, respectively. The beef producer prices
only responded to the embargo (downward shift in producer price changes). The
results of our models indicate that the consumer prices in one meat market may be
helpful to predict the consumer prices in the substituting meat market, because the
prices may interdepend. Although we did not find an effect of export incentives in
the Russian meat sectors in the period 2011-2017, we demonstrated this effect in
the Russian wheat sector and concluded that an export incentive effect can appear in
better-developed export businesses. We also show that suppliers’ prices may some-
times be unable to predict consumer prices, as the Russian poultry market demon-
strates. However, in Russian pork and beef markets, both the import prices and the
domestic producer prices changes were useful to predict consumer prices changes.
The effect of exchange rate liberalisation on food prices was not significant in the
medium term.

Our study contributes to the existing analysis of the meat sector and meat consum-
ers in Russian markets in several ways. As shown in “The policies driving the Russian
meat sector” section, several previous studies estimated the effects of the embargo, the
pork ban, and exchange rates, albeit often in other agricultural sectors and with less
focus on price interdependencies and substitution effects in Russian meat markets.
The equilibrium models of Kiselev et al. (2016) were able to forecast price changes
in different sectors but did not distinguish the effects of Russian rouble devaluation,
the pork ban, and substitution effects in meat markets. Our study compares these
interventions and shows their importance for price dependencies for meat markets.
Cheptea and Gaigné (2020), Volchkova and Kuznetsova (2019), Ponomareva and
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Magomedov (2017), and Boulanger et al. (2016) studied import restrictions and wel-
fare effects by using trade prices and assuming the transmission of the effects from
importers to consumers, which our models show was not always the case in Russian
meat markets. Although the share of imports from banned countries was high in total
import volumes, the share of imports in consumption was lower and substitutable by
reorienting trade and increasing domestic production. Finally, the most related study
in terms of specification and markets by Go6tz and Jaghdani (2017) thoroughly exam-
ined Russian pork prices but did not consider the substitution effects with other meat
products as discussed by Prikhodko and Davleyev (2014). Therefore, we contribute
to price transmission studies by considering the effects of substitution, currency, and
sectoral self-sufficiency for different economic agents in the meat sectors in Russia in
2014. Like most of the previous studies on this subject, our results support the hypoth-
esis that the interventions affected domestic prices for Russian suppliers and consum-
ers. However, the mentioned methodological differences between the studies, as well
as the design and limitations of the present study, do not allow a direct comparison of
the results.

We expected to find direct effects of the 2014 policy interventions on meat prices,
especially in import-dependent sectors. However, what our empirical models showed
more clearly, are strong interrelationships between the prices in different meat seg-
ments. Our results demonstrate that it is important to analyse the consequences of trade
bans also for prices in the sectors that are highly self-sufficient, because these sectors
can overtake the demand when less self-sufficient sectors suffer from ban-related price
effects. This can partially explain why beef prices did not react to the pork ban, whereas
pork and poultry prices did.

The expansion of production and the protective measures in Russia did not lead
to a reduction of domestic consumer and producer prices in local currency. After
Russian rouble depreciation, most prices in US dollars decreased but increased in
Russian roubles. The effects we found suggest that even food prices that were not
affected directly by interventions could still be affected indirectly by the prices of
foods substitutes. Overall, the interventions launched a chain of distributional, soci-
etal, and political consequences, which were unfavourable for Russian consumers
but beneficial for Russian producers. The setting and the results of our study justify
the consideration of the effects of competition, market protection, currency liberali-
sation, export incentives, and substitution effects in future models on prices along
the supply chain in Russian and other markets.
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Appendix 1: Descriptive statistics of the studied prices

Price Statistic  Beef Poultry Pork

2013 2014 2015 2013 2014 2015 2013 2014 2015

Consumer (weekly, RUB) Mean 2464 2552 3082 109.7 1202 1359 2133 2467 2770
Variation 12 695 572 7.1 1475 5.1 6.8 509.1 54
Minimum 2449 2442 2827 1070 1063 1334 2103 2138 271.1
Maximum 2486 2774 3154 1163 1374 1402 2198 2749 2802
Producer (monthly, RUB) Mean 720 746 938 545 642 713 717 943 1030
Variation 38 117 100 32 545 48 173 1692 345
Minimum 696 703 847 519 533 683 647 717 923
Maximum 750 816 971 591 734 750 775 1084 109.1

Export (monthly, USD) Mean 6.4 59 44 1.2 1.1 1.1 39 41 2.1
Variation 05 04 01 00 00 00 08 16 05
Minimum 54 46 3.7 1.1 0.9 0.9 2.3 23 04
Maximum 7.3 7.0 5.1 14 1.2 1.2 53 6.8 3.0
Import (monthly, USD) Mean 43 42 35 16 18 14 34 40 3.1

Variation 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.2 0.0

Minimum 4.1 4.0 3.1 1.5 15 13 33 33 29

Maximum 44 44 3.7 1.7 24 18 35 4.7 35
Currency (weekly, RUB for 1 USD) Mean 31.89 3888 61.29

Variation 1.03 4488 3878

Minimum  30.04 3331 49.58

Maximum 3338 6151 7228

The table reports descriptive statistics partially. The variation of weekly and monthly prices
is not comparable.The data on the exchange rate and consumer prices were available at
a weekly frequency, whereas producer, import, and export prices were available only
monthly. Hence, we implicitly assumed that there was no variation at a higher frequency.'®
Even without an econometric analysis, one can see the higher level of producer and con-
sumer prices for all analysed meat products after 2014 as compared with their levels before
2014. The price variation after the events of 2014 was lower than in 2013 for all beef prices,
for poultry consumer prices, and for pork export prices. The average exchange rate (RUB/
USD) in Russia doubled in 2015 compared with 2013. The exchange rate is important in
our study because the shocks of the exchange rate can transmit to trade prices. Although
the variation of import prices in US dollars stayed low, the import price, when imports
entered Russian markets, was converted to the price in Russian roubles and captured the
exchange rate shocks. The exchange rate might be affected by sanctions and oil—gas prices.
Moreover, the effects of these events might lag or spread over time, depending on the situ-
ation of federal reserves and the decisions of the Central Bank of the Russian Federation.

16 e are aware that this model assumption does not hold, as agricultural markets operate on a weekly, if not daily fre-
quency. Using such lower-frequency data can lead to an overestimation of the price adjustment parameters (Amikuzuno
2011). Consequently, the size of the parameter estimates from the weekly and monthly models is not directly compara-
ble. However, the direction, relative size, and statistical significance of the parameters do give us a good indication of the
price adjustment effects.
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Fig. 1 Visualisation of the model specification

Appendix 2: Data presentation
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Appendix 3: Discussion on the specification

The possible transmission of shocks, introduced by interventions, and macroeffects can
violate prices. Figure 1 depicts the price relations we assumed and visualises the model
specification we performed. Because all events were unexpected by economic agents,
we can assume that the effect of any event on prices did not occur before the event

happened.

As shown in Fig. 1, we assumed that the trade ban interventions we studied restricted food
imports and affected import prices and producer prices. The sanctions were introduced in
March and later contributed to an exchange rate shock in September, because the sanctions
were expanded to the Russian bank sector in the period of the global oil price decrease (Rut-
land 2014). However, the sanctions could already have affected trade decisions of market

Page 15 of 28
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participants in March and thus could indirectly have affected import prices. The resulting
prices that affected the consumer price were the producer price in Russian roubles and the
import price in US dollars multiplied by the exchange rate. All these components experienced
the policy and market effects in 2014 and therefore led to the changes in consumer prices.

The consumers purchased food of domestic and foreign origin and were price-takers.
Following a rational choice theory, and neglecting a potential home bias and product
preferences, they can be assumed to have selected the product with the lower price
given the same quality. We linked the products (beef, poultry, and pork) in Fig. 1 to illus-
trate price effects of substitution of the products in consumers’ diets. To consider the
dependence of each consumer price on other consumer prices in the models, we sim-
ply included the consumer prices of the substituting product in the model for the con-
sumer price of the studied product (see Cummings et al. 1994, who performed a similar
approach for programme substitution). Beyond statistics, we know that the consumer
prices are the prices of equilibrium when the supply meets the demand. If suppliers of
poultry, pork, and beef do not coordinate the prices and outputs, we can assume that
the supply in one market was not affected by changes in the supply of other markets'”.
In addition, we assumed that demand has a different nature and can switch from one
market to another in a week, whereas producers have to put effort into increasing pro-
duction volumes or adopting new prices. If the development of prices beyond the sector
supply effects is driven by demand redistribution from another sector, we can estimate
the substitution effect on prices. Under these assumptions, we have an explanation for a
significant result, but we still cannot exclude coincidental correlation.

Although the sanctions and currency developments did not target the food sector, the
depreciation of the Russian rouble made domestic producers more competitive in the
world markets and decreased the competitiveness of foreign goods. Isaac and Rapach
(1997), assessing the effect of monetary policy on the farming sector, concluded that
monetary shocks do not affect relative farm prices. Nonetheless, we tested this indirect
effect on producer prices in our model. We assumed that the export price in US dollars
multiplied by a higher exchange rate made foreign markets much more attractive than
stagnating domestic markets. We could show this effect of attractiveness and competi-
tiveness of the world market by linking export prices and producer prices, even though
the trade flow has the opposite direction. Producers also experienced much weaker price
and quantity competition in domestic markets after trade bans and Russian rouble depre-
ciation. These circumstances could allow producers to increase prices in Russian roubles
in the domestic markets and for export, although the higher export price in Russian rou-
bles subsequently became lower in US dollars after the Russian rouble depreciation.

We did not consider the effect of meat substitution with non-meat products or with
products produced by producers other than the agricultural organisations (peas-
ant farms and households). The producer prices in Russian statistics exist only for
agricultural organisations (and we used these prices), whereas peasant farms and

17 Russia’s biggest pork and beef company, Miratorg, produced almost 10% of Russian pork and beef in 2019, so that the
weak violation of this assumption is possible for these 10% of production if the company has a joint policy in the beef
and pork markets.
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households have a simplified form of reports'®, The share of agricultural organisa-
tions in the domestic volume of production increased in the period 2011-2017 from
89 to 92% in the poultry sector, from 55 to 82% in the pork sector, and from only 30%
to 33% in the cattle sector'®. The increase in production in agricultural organisations
was stronger than a simple replacement of the production of stagnating households.
We could not consider the market share of agricultural organisations in our model
because we would have needed information about the prices charged by domes-
tic competitors (peasant farms and households), but we argue that the agricultural
organisations could be considered as representatives of the Russian meat sectors at
least for the segment of production that is traded in domestic and foreign markets.
We also did not include the meat substitution with non-meat products because this
would have dramatically decreased the degrees of freedom in our model, and the
range of non-meat products that can potentially replace meat in Russian diets should
have been more evident.

Appendix 4: Technical information

We used vector autoregression (VAR) models to study price interdependencies
between different value chain stages, i.e. between producer, consumer, and trade prices
of a given meat product (R-package ‘vars’ by Pfaff 2008a). In addition, we checked for
unit roots using the Augmented Dickey—Fuller test (Dickey and Fuller 1979; Trapletti
and Hornik 2019), tested for Granger causality with the Engle—Granger test (Granger
1969; Engle and Granger 1987; Pfaff 2008a), and checked for co-integration of the
series with the Johansen test (Johansen 1991; Pfaff 2008b). The Augmented Dickey—
Fuller test on stationarity around trend and intercept break rejected the unit root for
many price levels; however, no unit roots were found in the prices in first differences
(Table 4). Several of the analysed prices were non-stationary because most of them
had a trend. The results of the tests do not allow us to study the series with ‘VAR in
levels’; therefore, we switched from ‘“VAR in levels’ to “VAR in first differences’ for fur-
ther analysis.

The results of Johansen tests are presented in Appendix 5. Additionally, we specified
vector error correction models (VECMs) if the Johansen co-integration test revealed
a co-integrating relationship between the variables (see Appendix 5). This allows us
to identify how different prices are related in the long term, and if and how strongly
prices react to changes in another price. However, because our main focus is on price
changes as direct and indirect effects of the food ban, and on the interdependencies of
price volatilities between different prices, we only report the Johansen test results and
some key estimates of the VECMs, including the long-term co-integrating vector beta,
and the error correction term alpha (see Appendix 5).

This approach allowed us to study weekly price volatilities defined as price changes as
compared with prices in the previous week. Although the application of ‘first difference’
cleans price levels and possible policy effects, the results still allowed us to study how

18 Peasant farms and households report incomes but not revenues from agricultural production, so that the prices can-
not be calculated.

19 In the period 20112017, 63-56% of cattle was produced in households, usually for home consumption (FedStat
2020).
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Table 4 Stationarity tests for the studied time series

Product Variable (in logarithm) Currency Augmented Dickey-Fuller test

Weekly data Monthly data
Levels First difference Levels First difference
Ho: 1(0) Ho: 1(1)° Ho: 1(0) Ho: 1(1)°
Currency  Exchange rate RUB/USD  —221 — 546 % —-1.21 —3.59 %
Beef Producer RUB —1.34 —7.32 %% —1.99 —3.34*
usb —3.14* —6.13 *** —193 — 52 %%
Consumer RUB —1.80 — 446 *** —235 —2.65
usD - - - -
Import RUB —287 —6.16%** —1.71 —4.58 ***
usb —2.51 —5.83 ¥ —2.18 —3.95*
Export RUB —6.09 ¥**  — Q.54 **x —3.93* —4.78 ***
usb — 426 %% 95 *** —231 —4.34 *xx
Pork Producer RUB —234 —5.39 % —248 —4.26 %%
usb —3.37* — 5.34%** —263 —4.73 *¥**
Consumer RUB —145 —4.70 *** —2.09 —3.38*
usb - - — -
Import RUB —269 —5.96 *** —1.87 —4.98 ***
usb —265 — 528 —244 —4.85 ***
Export RUB —5.67 *** 887 *** —4.00 ** —5.81 ***
usb —4.79%** 868 ¥ —3.18* —5.34 *x*
Poultry Producer RUB —157 —5.55 *** —242 —3.72%
usb —337*% — 535 %% —263 —4.73 %%
Consumer RUB —2.66 —346** —1.88 —4.08 ***
usb - - - -
Import RUB —262 —6.34 %% —251 —4.14 %%
usb —298 —6.00 *** —2.89 —4.08 ***
Export RUB —3.04 —7.25%%% —2.18 —6.17 %%
usb —4.87 ***  —828*** —4.55 %% 55 *xx

° Monthly producer and trade prices are stationary according to an Augmented Dickey-Fuller test without trend, only
intercept, except for the beef producer price (p value =0.12). No significant trend found for first differences

Stationarity decision based on 5% significance level. Significance codes: ***'p <0.01,"**'p <0.05,"*'p <0.1

price changes are transmitted among different prices, either along the value chain (e.g.
between importer and consumer prices) or among potentially substituting products (e.g.
pork and chicken).
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(2)for producer price volatilities
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Notes: The prices are in first differences. The y-axis shows the price response, the x-axis shows the periods in months. The impulse

response functions are non-cumulative. The plotted confidence intervals are 95%, the errors bands are bootstrapped (200 runs).

(3)for import prices
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Notes: The prices are in first differences. The y-axis shows the price response, the x-axis shows the periods in months. The impulse response

functions are non-cumulative. The plotted confidence intervals are 95%, the errors bands are bootstrapped (200 runs).

(4)for policy shocks on meat prices

Figure 2 shows the impulse response functions (IRFs), illustrating how differ-
ent prices (in first differences) reacted to a shock in the three exogenous variables
(a) embargo, (b) pork ban, and (c) exchange rate liberalisation in the months after
the respective shock. The IRFs show that the embargo had no significant effect on
beef price changes, but had a significant negative effect on pork and poultry producer
price changes. However, this effect was transitory and dissipated after three months
for pork and after five months for poultry. Moreover, there was a lagged tempo-

rary response of the poultry import price change to the embargo, with a slight but



Loginova and Irek Agricultural and Food Economics (2022) 10:2

a) The effect of the shock ‘embargo’

on beef producer price on pork producer price on poultry producer price
8_ i 8 et e i
o | i =y - = =
g a
o
=
=3 7 S o
q T T T T ; T T T T
5 10 15 20
on pork import price
8 - 8
S | | o
,,,,,, = E
— S =
g / 7 ]
@] R - 8 |
- - - . T T T T < T T T T
5 10 15 20 s 2 s 10 5 2
b) The effect of the shock ‘pork ban’

on beef producer price on pork producer price on poultry producer price

0.05

-0.05

0.10 0.00 0.10
|
0.02

-0.04

5 10 15 20 5 10 15 20
on beef import price on pork import price
o B 2
] o~ ] S
< T ° ~
s ] | s e
S | —— . o w7
? T T T T e T T T T S T T T T
5 10 15 20 5 10 15 20 5 10 15 20
c) The effect of the shock ‘exchange rate liberalisation’
on beef producer price on pork producer price on poultry producer price
N =
| A -4 \\‘ g -
g | ] s |
o S
. o
- i
S <
(=] S 4
’ (=]
T T T T T T T T
5 10 15 20 5 10 15 20
on beef import price on poultry import price
S 4 4
© '
- -/ Ny [}
8 / - g
E 3 s R e
4 iRy - RV
2 i I S 1
S - T T T T ? T T T T ' T T T T
5 10 15 20 5 10 15 20 5 10 15 20
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Fig. 2 Impulse response functions for policy shocks on meat prices

significant price decline after three months. Both the pork ban and the exchange rate
liberalisation had no statistically significant effect on any of the analysed meat prices,
as the 95% confidence intervals include zero in all the IRF plots. We have no embargo,
pork ban, and exchange rate liberalisation dummies in the models for consumers,
because we assume the potential vertical transmission of these effects from the pro-
ducer and import prices to consumer prices. Therefore, we use the summary section
to clarify the transmission of the effects across the meat prices.
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Appendix 7: The model on producer, import, and export prices for Russian

wheat to quantify the export incentives effect

Explanatory variable

Wheat
Producer
Price (RUB)

Monthly

Wf, constant

P/P:U(r AP

VjiLk' AEProduct,r—W X ERI—W
Vjp=l,k' AEProduct,r—W X ERI—W
Portmanteau test (p value)
ARCH test (p value)
Normality test (p value)®
Stability test

Granger test™

Number of observations
Adjusted R-squared
Stationary series

Model significance

0.003 (0.04)
0.167 (0.12).
—0.001 (0.006)
0.338 (0.06) ***
0.02

0.57

0

passed

0.6

84

0.29

all

no

°The rejected normality is considered not problematic if more than 40 observations are employed (see

Ghasemi and Zahediasl 2012).

°°H,,: Wheat Producer Price does not Granger-cause explanatory variable.

Significance codes: “***’p <0.001, “**’p <0.01, “*’p <0.05, ’p <0.1. Akaike information criteria from
four lags choose lags =4; however, in the model with four lags, only the coefficient (0.35%*%*) of the first

lag of Export Price is significant.

Appendix 8: Dealing with autocorrelation in residuals in the model for pork

consumer prices

The model for pork consumer prices presented in Table 1 suffers from autocorrelation

in residuals, and, therefore, the estimated model parameters may be biased. We included

as many lags in the equation as needed until this issue was eliminated in the model (see

Table 5 and Fig. 3). The minimal number of lags to provide the plausibility of the model

by the Portmanteau test is 14. The additional lags, however, do not majorly affect the

conclusions we derive from the model in Table 1.
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Table 5 The model for pork consumer prices with 14 lags

Effects of substitution (consumer prices in other meat markets) Pork chain effects (prices in pork markets)
Product Lag Estimation (SE) Level Lag Estimation (SE)
no 0(0)
Beef 1 —0.05(0.09) Consumer 1 0.62(0.07) ***
2 0.11(0.10) 2 0.22(0.08) **
3 —0.19(0.10). 3 —0.24(0.08) **
4 0.14(0.10) 4 0.07(0.08)
5 0(0.10) 5 —0.09(0.08)
6 —0.26(0.10) ** 6 —0.04(0.08)
7 0.23(0.10) * 7 0.05(0.08)
8 0.05(0.10) 8 0.04(0.08)
9 —0.01(0.10) 9 0.02(0.08)
10 0.16(0.10). 10 —0.08(0.08)
11 —0.13(0.10) 11 —0.04(0.08)
12 —0.07(0.09) 12 —0.07(0.08)
13 0.10(0.09) 13 0.16(0.08) *
14 —0.10(0.07) 14 0.05(0.06)
Poultry 1 0.04(0.08) Importer 1 0(0)
2 0.06(0.09) 2 0(0)
3 —0.02(0.09) 3 0.01(0) *
4 0(0.09) 4 0.02(0) ***
5 0.04(0.09) 5 0(0)
6 —0.17(0.09). 6 —0.01(0)
7 0.10(0.09) 7 0(0)
8 —0.04(0.09) 8 —0.01(0).
9 —0.08(0.09) 9 O(O)
10 0.04(0.09) 10 01(0).
1 —0.11(0.09) 11 01(0).
12 0.16(0.09). 12 0(0)
13 0.03(0.08) 13 —0.01(0) *
14 —0.03(0.08) 14 0(0)
Producer 1 0.02(0.01) **
2 0.03(0.07) ***
3 0.01(0.01)
4 01(0.01)
5 0.01(0.01)
6 0(0.01)
7 0(0.01)
8 —0.01(0.01)
9 0.02(0.01).
10 0.01(0.01)
11 01(0.01)
12 0.01(0.01)
13 —0.02(0.01).
14 —0.01(0.01)
Portmanteau test (p value) 0.06

ARCH test (p value) 1

Normality test (p value) 0
Stability test passed
Granger test 0
Number of observations 328
Adjusted R-squared 0.70

See also Fig. 3 for the impulse response functions for this model
Significance codes: ***'» <0.001, **p <0.01,"*p <0.05,”p < 0.1. ARCH test uses 24 lags. Portmanteau test uses 40 lags
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